Here we report on the discovery of two infant burials dating to ~11,500 cal BP at the Upward Sun River site (USR) in central Alaska. The infants were interred in a pit feature with associated organic and lithic grave goods, including the earliest known North American hafted bifaces with decorated antler foreshafts. Skeletal and dental analyses indicate that Individual 1 died shortly after birth and Individual 2 was a late-term fetus, making these the youngest aged late Pleistocene individuals known for the Americas, and the only known prenate, offering the first opportunity to explore mortuary treatment of the youngest members of a terminal Pleistocene North American population. This burial was situated about 40 cm directly below a cremated 3-year old child previously discovered in association with a central hearth of a residential feature. The burial and cremation are contemporaneous, and differences in body
orientation, treatment, and associated grave goods within a single feature and evidence for residential occupation between burial episodes indicate novel mortuary behaviors. The human remains, grave goods, and associated fauna provide rare direct data on organic technology, economy, seasonality of residential occupations, and infant/child mortality of terminal Pleistocene Beringians.
Significance Statement: Two interred infants with associated grave goods and a third cremated child represent the earliest known human remains from the North American subarctic, and provide evidence for novel mortuary behaviors at the end of the last Ice Age. Two bifacial points with decorated foreshafts represent hafted projectiles, confirming earlier conclusions about Paleoindian weapon system form and function. Excellent faunal and other contextual data indicate broad spectrum foraging behaviors.
\body
The few known Ice Age North American burials offer important insights on mortuary and ritual behaviors otherwise invisible in the archaeological record (1-3). In 2010 we added to that record through recovery of a cremated 3-year old child (4) dating to ~11,500 cal BP, within the hearth of a residential structure at Upward Sun River (USR), Alaska (Fig. 1) . In 2013 we excavated below the residential feature to further explore site structure and organization; in the process, another burial containing two unburned infant skeletons was discovered. Both were interred within a circular pit (F2011-13) directly below the cremation hearth (Feature 5, or F2010-5) (Figs. 2-3 ). Here we report on the context and implications of these discoveries.
The USR site is located on a loess-mantled sand dune in the central Tanana River basin. The site contains four components, dating between 13,200 and 8000 cal BP; the cremation and burials were within Component 3 (~11,500 cal BP). Site stratigraphy, site formation and disturbance, faunal, and lithics from 2007-2010 investigations have been previously reported (4) (5) . Backscatter plots confirm a general lack of post-depositional disturbance (Fig. 3, Fig. S1 in Supporting Appendix) which is consistent with geoarchaeological observations, including horizontal paleosols (Ab horizons) that extend for several meters with no evidence of turbation (5-6).
The F2010-5 hearth extended from 70 to 80 cm below datum (cm BD) at its deepest point (43 cm below the occupation surface). A few faunal fragments and small charcoal flecks were recovered between 84-106 and 114-127 cm BD within the F2011-13 pit fill. Some fauna are burned, but the sediment shows no oxidization or consolidated charcoal lenses, indicating that they came from an upper hearth disturbed by excavation of the burial. The remains were at the bottom of the pit, with Individual 1 near the western edge and Individual 2 near the center, both within an ochre-rich matrix at 121-129 cm BD (~40-50 cm below the cremation hearth and 90 cm below the occupation surface). The pit has a nearly flat bottom with steep sides, and is approximately the same diameter as the bottom of the cremation hearth. In contrast to the cremation, there is no charcoal or ash below the ochre matrix, suggesting a lack of burning or other treatment of the burial pit before interment. A thin organic-rich layer (>1 mm) overlies the infants and grave goods.
The USR chronology is established through 27 14 C dates on 13 cultural features, nine stratigraphic charcoal, and five snail shells (succinids) located stratigraphically between Components 1 and 2 (4-5). Radiocarbon assays were calibrated using Calib 7.0.2 and the IntCal13 dataset (7) (8) . Secure dating for the burial was accomplished through radiocarbon analysis of charcoal (Betula sp.) adhering to one antler rod (see below), dating to 9930±50 14 C yr BP (Beta-371567) (11,600-11,230 cal BP). This age is statistically identical to three dates already obtained for the cremation, and is consistent with the suite of radiocarbon dates from older and younger stratigraphic contexts (4) (Fig. 3) . Additional evidence for contemporaneity with the cremation and Component 3 includes the thin, unimodal vertical distribution of all cultural materials, consistent horizontal depth below surface, and absence of post-depositional disturbance. The cremation hearth and burial pit dates (n = 4) overlap at one standard deviation (Table   S1 ), and are statistically the same (c 2 = 7.81, df = 3, p < 0.05), with a mean pooled radiocarbon age of 9970±30 BP (11,600-11,270 cal BP). Given similar ages for trees (Populus balsamifera) and short-lived shrubs (Betula sp.) and context, we argue that the burial and cremation represent nearly contemporaneous events, associated with a single hunter-gatherer group. These deaths and interments may have occurred within a single seasonal occupation or within successive occupations.
Several discrete lithic activity areas were identified within Component 3, with broadly similar characteristics (i.e., reduction patterns indicate biface thinning and tool maintenance on a few raw material types). Lithic tools are limited to bifaces, retouched and utilized flakes, and a flake graver. Most of the lithic raw materials at USR Component 3 are cherts, including flake core fragments with streamrolled cortex, suggesting they were secondarily deposited cobbles in nearby braided streams. The single USR obsidian flake is geochemically similar to obsidian from the Hoodoo Mountain source in Kluane National Park, Yukon, Canada (analyzed using a Bruker Tracer III-SD XRF instrument). USR is 600 km to the northwest of the Hoodoo Mountain source area, and marks some of the earliest use of this obsidian in Beringia during the terminal Pleistocene (9) . Most early Eastern Beringian sites have obsidian from 200-300 km distance (9) , and the USR data suggests very high mobility or existence of early longdistance exchange networks.
Faunal analyses (following 10) provide data on economy, seasonality, and association between the burials and cremation. These analyses include all fauna in both features, with matrices sieved through 1/16 in (1.68 mm) mesh, consisting of 827 identified specimens (NISP) within the cremation hearth and 103 within the pit fill (Table S2 ). Overall taxonomic diversity is similar between assemblages: dominated by salmonids and ground squirrels, similar diets between occupations (or portions of an occupation) are indicated. Both assemblages contained burned specimens, but the pit fill contained proportionally fewer burned remains. Since there are no faunal disposal areas outside the hearths and almost all bone is highly fragmented and comminuted directly within hearths at Component 3, we argue for bone disposal within hearths. There is no indication of the use of bone for fuel, as most of the identified remains are small mammals, fish, and birds. The increased burning in the hearth assemblage could reflect abandonment directly after the human cremation, and lack of subsequent food processing/consumption events. The presence of both salmon (Oncorhynchus sp.) and immature ground squirrels (Urocitellus parryi) constrain the season of occupation to between mid-July through early August (11) (12) Pleistocene and early Holocene faunal assemblages in the region (4, (13) (14) (15) . These data suggest a wide summer diet breadth and the lack of low-resource-yield high-density elements suggests consumption events rather than early-stage processing.
To investigate vertical distribution of fauna throughout the feature, we evaluated NISP by depth ( Fig. S2 ) which indicates a predominance of identified material in the hearth, dropping off sharply below the hearth. The scattered fauna within the burial pit fill are evenly distributed, and indicate secondary context. Thus, the upper hearth was not created solely for the cremation, but was used as a cooking/disposal hearth between burial episodes.
Human Remains
The infant skeletal remains were largely complete and in anatomical position, allowing for reconstruction of body positions and orientation relative to the pit, site, and local landforms (Fig. 2 ).
Individual 1 was supine, face up, with the knees tightly flexed toward the chest, left arm flexed across chest with hand near the chin, and right arm extended across the torso to the left. The positioning of
Individual 2 was more difficult to ascertain. It appears to have originally been placed upright with knees tightly flexed toward the chest. However, when discovered, the torso was prone over the legs, both of which were semi-disarticulated, and the left arm extended beside the back and behind the pelvis.
Elevation data confirm that the skull, thoracic vertebrae, and hands were superior to the pelvis, lower limbs, and lumbar vertebrae (Table S3 ). The forward shift of the torso was likely due to compression from overlying soil. An alternate hypothesis is that Individual 2 represents a secondary burial, perhaps exhumed elsewhere and re-interred when Individual 1 died. Such an explanation could account for the unusual sitting position and disturbance of lower limbs. The position and arrangement of the infants and presence of ochre completely coating the bones suggest the two were wrapped in shrouds.
Individuals 1 and 2 and the antler rods are all oriented roughly parallel to each other, 9°, 8°, 359-361° (NNW) respectively. All were roughly perpendicular to the dune crest, the prominent alluvial terrace to the north, and Tanana River (between 295-310°, WNW). Individual 1 is oriented with the head toward the river while Individual 2 was likely sitting facing the river. The previously recovered cremated individual was likely face up with legs flexed and head oriented ~250° (SW); there was no clear relationship to the dune crest, terrace edge, or Tanana River and no grave goods were present. Thus, burial treatment, positioning, and orientation were substantially different between the cremation and inhumations.
The skeletal remains of both individuals are well preserved, and all elements appear to be present.
However, post-depositional ground pressure led to considerable breakage of the most fragile elements. As such, the bones and teeth may be described as a) complete, b) fragmented but can be refitted, and c) too fragmented to refit and, in some cases, identify specifically. The latter state largely affects the two crania, especially bones of the face and vault.
With the exception of zygomatic length, pars petrosa width, and perhaps pars basilaris sagittal length and clavicle length, the osteometric measurements (Table S4) to estimate age at death indicate that Individual 1 survived birth -anywhere from a few days to perhaps a few months (i.e., >0 to >12 or >16 weeks). Assuming that the latter two high-end estimates are outliers, the most consistent age is between birth and six weeks, based on modern standards. Individual 2 appears to have been a late term fetus.
Measurements (Table S5 ) suggest a range of >28 to <40, with a mean of 33 gestational weeks. Given the younger age, additional information regarding size can be estimated by using tables for 8-8.5-lunar month-old fetuses and formulae from (16 Ages based on deciduous crown development are slightly higher (Table S6) . Individual 1 may have lived up to 24 weeks after birth (17) , but most likely 12-13 weeks with a range of >6 to <20 postnatal weeks (18) (19) . Estimates from the less-developed, fragmented crowns of Individual 2 are more
problematic, yet the formation stage of Coc (i.e., cusp outline complete) in the deciduous maxillary lateral incisor (di2) and Cco-Coc (between coalescence of cusps and Coc stage) in the maxillary canine (dc) are indicative of 38 pre-natal weeks to full term (18) (19) . The crowns of Individual 1 also allow the scoring of 22 dental nonmetric traits (Table S7 ). Such data are useful for assessing population affinities of samples (20) (21) , though may provide some insight at an individual level. The study of Native American deciduous morphology is uncommon, but traits in Individual 1 could be compared with those in a pooled prehistoric sample from Ohio (21) . Despite some exceptions, e.g., upper central incisors (dui1) that are only minimally shovel-shaped in appearance, nothing is divergent enough to suggest that Individual 1 was anything but a Native American.
The skeletal assessment of sex in infants, generally based on morphometric traits of the mandible and pelvis, is difficult (22) (23) (24) . However, the faint protrusion of a narrow mental eminence and lack of gonial eversion on the mandible (Fig. S3 ) may suggest that Individual 1 was female (25) . The shallow and oblique greater sciatic notch (Fig. S4 ) on the ilium in Individual 1, as well as Individual 2, is also indicative of a female (25) . Successful recovery and analysis of genetic material can confirm these findings (e.g., Y chromosome presence/absence).
Individual 1 may be characterized as an infant, possibly female, who survived birth for a period of days to potentially <20 weeks. This description, of course, comes with several caveats, as most estimates are based on studies of recent European and European-derived skeletal samples that may not be representative of the population to which Individual 1 belonged. Most problematic is the variation in age between skeletal and dental methods. Two factors may be involved. First, Native American dental development has been reported to be precocious relative to American whites (17) , as confirmed in permanent teeth of Alaskan Natives (26) . Second, no skeletal anomalies or pathologies are present but, given the young age at death, it may be possible that ill health affected growth (27) . Thus, developmental age could have lagged behind chronological age. Either way, the age range could plausibly be narrowed, e.g., 6-12 weeks post-natal. Similar issues affect the interpretation of Individual 2, and extend to crownheel length and weight, particularly given the variation in estimates from cranial (means of 43.36 cm and 1725.5 g) and long bone dimensions (40.1 cm and 1377.6 g); again, the more likely estimates may lie between these values. For aging, at least, dental and skeletal methods are concordant enough to confidently identify Individual 2 as a late-term fetus, likely >30 gestational weeks of age.
Another issue concerns the infants' relationship to one another. Individual 1 was clearly a primary burial. Individual 2, based on the disarticulation of some elements and unusual semi-upright position, appears to have been a secondary inhumation. One possible explanation, in a highly mobile foraging society for infants only a few weeks in age apart to be buried together, is that they were twins.
Clinical studies show that twins are at greater risk for morbidity and mortality than singletons (28) . And late-term death of one twin in utero (e.g., Individual 2) can adversely affect the second (Individual 1).
Premature delivery of the deceased fetus is likely (68%), while that for the survivor might occur (57%) (29) . Chances of diminished growth, developmental problems, and early death in the survivor increase as well, particularly among monozygotic twins (28) (29) (30) (31) (32) . There are no key skeletal indicators to explore such a possibility. However, attempts at aDNA sampling are ongoing, and if Individuals 1 and 2 are found not to be siblings, an alternative explanation is needed (see discussion below). The concurrent deaths along with the cremated child may represent an instance of above average child mortality for a small huntergatherer group.
Grave Goods
Grave goods consist of four antler rods and two projectile points placed parallel to each other and adjacent to Individual 2 and a third biface placed next to the rods (Figs. 4, S5 ). All artifact surfaces are coated with red ochre. All four rods are bi-beveled with wear patterns consistent with hafting, and three have multiple incised "X" patterns along their upper surface. These design patterns are unprecedented for known Paleoindian rods in North America (33) . Three of the rods are significantly longer than Paleoindian examples (averaging 488 mm) (33) , and are similar in size to the rhinoceros horn foreshaft (478 mm) at Yana RHS site in northern Siberia (34) . The two lithic points were positioned in contact with the beveled ends of two of the rods. Given these positions, the presence of hafting marks on the bevels, and the congruence between the limits of edge-grinding and beveled portion of the rods, we maintain that the bifaces were affixed to the rods, shifting only minimally since burial. These represent the earliest known hafted bifaces in primary context in North America. The associated grave goods comprise functional weapon tips within atlatl-dart or spear systems (see 35) .
The interpretation of materials as grave goods requires clear association and rejection of alternate hypotheses. All lithic and antler artifacts were covered with ochre. There is no indication this pit was used for other purposes before or after interment and no evidence of disposal behaviors. These materials were not cached for later retrieval, based on placement at the center of the pit touching Individual 1 and continued use of the area, including the hearth directly above these artifacts, reinforce their interpretation as grave goods.
The two USR projectile points are convex-based lanceolate in form, with one (artifact #58-87) exhibiting a basal break. Biface attributes are provided in Table S8 . Flake scar orientations are variable to subradial with most flake scars extending to the midline. Edge grinding extends from the bases to 50-65% of their total length. Cross-sections are both lenticular. These two points are distinct from bifaces recovered elsewhere at USR Component 3 (illustrated in 4). The other bifaces likely represent multipurpose bifacial implements given their morphology, asymmetry, beveling, and lack of impact factures or edge-grinding. The third stone tool found within the USR burial pit was a rhyolite biface, with no evidence of edge grinding, which resembled other bifaces within the component in overall form, size, and (random) flaking patterns. These USR bifacial implements are similar in size, morphology, and flaking patterns to the convex-based elliptical and spatulate bifacial knives described from Dry Creek C2 (36) . Rod measurements are presented in Table S9 . All four rods are bi-beveled on the same axis (the side with the trabecular bone present), and all were positioned with bevels 'down', except #58-82, which was oriented along its side. The bevels measured 75.1 ± 7.1 mm long and 13.5 ± 0.7 mm wide for the three larger rods and 47.7 ± 5.3 mm long and 12.5 ± 1.8 mm wide for the smaller rod. The rods were burnished along faceted edges. Cross-sections are convex and slightly flattened on the 'bottom' sides between bevels. All those with incised decorations were placed up with the decorations visible.
Similarities in dimension, form, burnishing, and decorative incisions (as well as context) suggest they were manufactured in the same way, possibly by the same person.
In overall form, these rods are similar to Paleoindian beveled rods from various contexts in North Ochre covered the foreshafts entirely and the points up to the edge of the haft, suggesting that the hafting material (possibly sinew) was also coated with ochre, but the point tips were left uncoated. The rhyolite biface was treated differently, as both surfaces were coated with ochre. The points and foreshafts
were not broken, and were in a state of functionality, suggesting a cost was incurred in placing these tools in burial contexts given production efforts.
Discussion
One of the most intriguing aspects of the site is the differential mortuary treatment of infants and children in the burial and overlying cremation (the latter described in 4). These differences along with evidence for residential occupations before and after the double burial indicate more complex Beringian / North American Paleoindian mortuary behaviors than previously observed (see review in 3) (we note the term complex refers to these novel Paleoindian behaviors, not to more narrow definitions relating to social stratification, etc.). Several hypotheses to explain these patterns are evaluated here. The differences in mortuary treatment could reflect different cultural traditions or diachronic changes within a tradition. We reject these hypotheses given statistically contemporaneous dating and presence of a single widespread cultural tradition (Denali complex) in central Alaska between 12,500-6000 cal BP. The radiocarbon ages, data on seasonality, and the overall sequences of site formation within Component 3 also allow us to reject a hypothesis of changing burial treatment through time within a single cultural tradition. Given ethnographic data on subarctic hunter-gatherer group mobility (55-56), we do not expect multiple disparate groups to sequentially use a single relatively short-term tent/cooking hearth feature sequentially in seasonally specific ways, utilizing a nearly identical suite of faunal taxa. The USR dune is one of hundreds within a 3500 acre dune field (6) . The most parsimonious explanation is that the feature was used by the same local band/family. (49, 63) . The presence of the hafted points may reflect the importance of hunting implements in the burial ceremony at USR and within the population as a whole, though we note the predominance of fish and small game at the site. One striking difference, relative to other Paleoindian burials, is the interment at USR within a residential base camp. In this context, USR is more similar to Ushki 1 level 6, in western Beringia where children were buried within residential features (64) (65) . USR and Ushki level 6 components also share elements of location (adjacent to large braided rivers), site function (residential base camps), and economy (salmon fishing), and have many common elements of material culture (46, 65) . Though the sample size is small, the conformances may suggest similar mortuary practices and shared ideologies among Diuktai culture/Denali complex populations in northeast Asia and northwest North America at the terminal Pleistocene.
The USR sample size is too small to reconstruct paleodemographic patterns. However, the infant deaths seem consistent with high levels of childhood mortality for highly mobile hunter-gatherers (66) (67) (68) ; these rates can reach 43-45% in recent arctic/subarctic groups (69) . The closely timed deaths of two infants and one child could have been of particular detriment to the small USR group concerning longterm demographic effect -if not matched with consequent rapid replacement. Furthermore, the deaths occurred during the summer, a time period when regional resource abundance and diversity was high (70) and nutritional stress should be low, suggesting higher levels of mortality than may be expected given our current understanding of terminal Pleistocene / early Holocene adaptive strategies.
Given the excellent contextual control at USR, we can reconstruct the relationships of the burial If Individuals 1 and 2 were twins, the former survived birth for at least five weeks while the latter died earlier in utero. If so, the two were not interred together during a single burial event. Individual 1 was clearly a primary interment. Thus, it is possible that Individual 2 represents a secondary burial, placed in the pit after Individual 1 died. This scenario could explain the different positions, i.e., Individual 1 at the edge of the pit and Individual 2 in the center adjacent to the grave goods. The residential feature was occupied and the hearth used at a later time (possibly the same season as the burial or a subsequent year during the same season). The third child (3-year old) subsequently died and was cremated in the residential hearth. Finally, the hearth was backfilled and the immediate area was abandoned. These mortuary practices would seem consistent with the high residential mobility expected of early Beringians (66, 71) . Taken collectively, the burials and cremation at USR provide the first evidence for more complex mortuary behaviors among terminal Pleistocene Beringians and North American Paleoindians than previously seen, including re-use of a residential feature over a previous burial. While the sample size is small, the differential mortuary treatment of the three individuals within a single feature is most plausibly related to situational factors or possibly age-grade differences. 
